RAPD analysis
Totally 10 plants RAPD primers were used for random amplification and their sequences are given in Tab 1. A total volume of 25 µL PCR recipe consisting 18 µL of dd.H2O, 2.5 µL of 10X buffer with 15 mM MgCl2, 2 µL of dNTP (2.5 mM each), 0.5 µL of Taq DNA polymerase (3 U/µL), one µL of RAPD primer (10 pmol/µL) and one µL of genomic DNA (1 ng/µL) was prepared out for RAPD analysis. The whole mixture was placed on a thermal cycler (TECHNE, Genei) programmed for 5 min at 95 C followed by 40 cycles for 60 s at 95 C, 45 s at 35 C and 90 s at 72 C, and finally one cycle at 72 C for 10 min. The amplification products were resolved with 1.5% agarose gel stained with electrophoresis at 150 V and 140 mA using 1X TAE (Tris acetate with EDTA) for 3 h ethidium bromide. A 100 bp ladder was used as a molecular mass marker. The RAPD patterns were visualized in a gel documentation system (Alphaview software). For reproducibility, the concentration and the protocol was strictly followed and repeating the amplification process twice in order to score clear reproducible bands for all the ten RAPD primers. Species specific monomorphic and polymorphic bands were identified.
Table 1 Primers used for the identification of three Gymnema species RAPD techniques
Name of the Primers Sequences of the Primers RP1 5΄-CAATCGCCGT -3΄ RP 2 5΄-CAGAACCCAC -3΄ RP 3 5΄-CTCGTGCTGG -3΄ RP 4 5΄-TTCCGAACCC -3΄ RP 5 5΄-GACCGCTTGT -3΄ RP 6 5΄-AGGTGACCGT -3΄ RP 7
5΄-TCCAACGGCT -3΄ RP 8 5΄-CAGTGGGGAG -3΄ RP 9
5΄-TGCGGCTGAG -3΄ RP 10 5΄-ACGCACAACC -3΄
PCR amplification of the trnK region
The sequences of trnK gene primers are given in Table 2 . The PCR amplification of trnK region was performed in a 25 µL PCR recipe consisting 18 µL of dd.H2O, 2.5 µL of 10X buffer with 15 mM MgCl2, 2 µL of dNTP (2.5 mM each), 0.5 µL of Taq DNA polymerase (3 U/µL), 1 µL of trnK primer (10 pmol/µL) and 1 µL of genomic DNA (1 ng/µL). The whole mixture was placed on a thermal cycler (TECHNE, Genei) programmed for 5 min at 95 C followed by 35 cycles for 30 s at 95 C, 1 min at 49 C and 2 min at 68 C, and finally one cycle at 68 C for 10 min. The amplified products were checked with 1.5% agarose gel and stained with electrophoresis at 150 V and 140 mA using 1X TAE (Tris acetate with EDTA) for 1/2 h and ethidium bromide. The size of the amplified product was calculated using a 100 bp molecular ladder. 
Sequencing and phylogenetic analyses
The purified PCR products were sent to Macrogen, Inc. (Seoul, Korea) for unidirectional sequencing. The DNA sequence analyzer 3730xl DNA analyzer with Big Dye Terminator Cycle Sequencing Kit V3.1 (Applied Biosystems) was used for sequencing. The electropheretogram was analysed using BioEdit sequence alignment editor. Sequences with good peak clarities were selected for further analyses. The edited sequences were aligned in ClustalW program. The edited sequences were identified using BLAST program of NCBI nucleotide database. Based on the similarity index, the amplified products were assigned as trnK sequences and were recorded in the NCBI's nucleotide database with accession number JX569772, JX569773 and JX569774. Phylogenetic relationship was constructed using Neighbor-Joining statistical method. Uniform rates were followed among the sequences. Bootstrapping was performed with 1000 replications. Kimura two parameter (Kimura, 1980 ) model of evolution was followed in the analyses. All positions containing gaps and missing data were eliminated. Mandevilla venulosa and M. Duartei were used as an out group.
trnK -RFLP analysis
Restriction map of the five sequences (3 Gymnema species and 2 Mandevilla species) were generated. These sequences were online digested with TaqI restriction enzyme in the NEB cutter tools (New England BioLabs). Restriction map was shown in 1.4% agarose gel with 100 bp molecular ladder and the fragment sizes were calculated.
Statistical analysis
Genetic similarity/distance between the three species was estimated using PopGen Software (Version 1.31, (Yeh et al., 1999) . Nei and Li's (1979) genetic similarity (GS) among the three species was computed and converted by PopGen into genetic distance (GD) according to Hillis and Mortiz's (1990) . Formula, GD = 1-GS. The GS reflects the proportion of the bands shared between individuals and values range from (1) when present to (0) when absent. Phylogenetic relationship was estimated based on genetic distance values generated from RAPD data among three species. A dendrogram was plotted based on Nei (1978) method using PHYLIP version 3.2 (Felsenstein, 1993) . Figure 1 shows the RAPD profiles of all three species for 10 RAPD primers. All the 10 RAPD primers selected were successfully amplified and gave good RAPD profiles for the three species of Gymnema. Totally 427 scorable bands were observed in three species for each in the three replicates of Gymnema, ranging in size from 1412 to 218 bp. As observed in Tab The genetic identity and genetic distance between the species of Gymnema is given in Tab 4. The genetic identity (above diagonal) ranged from 0.8968 to 0.9153 and inter-species distance ranged from 0.0885 to 0.1089 based on Nei's band sharing frequencies. High genetic identity was found between G. sylvestre and G. montanum and highest genetic distance was found between G. sylvestre and G. elegans. The trnK gene sequences of the three Gymnema species were analysed by dideoxy sequencing method and found to have 549, 653, and 573 bp length, respectively. The sequences were short of matK region at 3´ end of the trnK sequence. The trnK sequences of G. elegans and G. montanum were identical. G. sylvestre showed three distinct insertion of adenine nucleotide at 446, 524, and 541 positions at 3´ end. Remaining sequences were identical with G. elegans and G. montanum. On Blast analysis, these sequences exhibited 94% identity (100% query coverage) with trnK sequences of Mandevilla species as both Mandevilla and Gymnema belong to Gentianales order. These sequences were barcoded and deposited as JX569772, JX569773 and JX569774 in NCBI's nucleotide database for identification. The phylogenetic tree of trnK sequence showed two major clades one for Gymnema and another Mandevilla. The Gymnema clade showed no distinct sub clade pattern, and no differences in the distance scale among the three species and with 100 % bootstrap support (Figure 4 ). The trnK gene sequence of Gymnema species by RFLP showed no specific restriction pattern after digestion with TaqI enzyme. Each Gymnema species showed three fragments measuring 204, 174, and 168 bp. The out group Mandevilla species showed two fragments measuring 331 and 204 bp ( Figure 5 ). 
RESULTS

RAPD bands
DISCUSSION
The medicinal herbs G. sylvestre, G. elegans, and G. montanum are called by the same vernacular name in Tamilnadu as 'Chakkarakolli'. However, these species exhibits different efficacy and used in different applications (Chattopadhyay, 1998; Wiriyakarun and Yodpetch, 2013). This type of name sharing makes confusion on choosing herbal plants and resulting in medication errors that has been reported in many countries (Nadkarni, 1992) . According to WHO guidelines on research and evaluation of traditional medicine, first step is assuring quality, safety and efficacy of traditional medicine for correct identification. Hence, the present study attempted to develop species specific markers using RAPD markers and DNA barcode using a trnK gene sequences.
Species identification by RAPD
RAPD is a quick and cost-effective molecular technique generating anonymous loci that are randomly scattered in the genome (Clark and Lanigan, 1993 ., 2005) .The reproducibility of the RAPD markers highly depends upon the quality, quantity of the template DNA and standard PCR conditions (Dinesh et al., 1995) . In the present analysis, the concentration of the DNA, concentration of PCR recipes, cycling program, and electrophoretic conditions were consistently maintained for all the 10 RAPD primers and therefore, the markers obtained in the present study are considered to be highly reproducible. These markers can be used for identification of polymorphic status and species identification of Gymnema in future. The polymorphic percentage of G. sylvestre was found to be 38.32%. This was very low when compared to two previous reports (Smita and Keshavachandran, 2006; Balamurali et al., 2012), where different forms of G. sylvestre have been collected from different regions of India and showed 73.2% and 50% polymorphism. Relatively low level of genetic polymorphism in this study is due to the small sampling size. Moreover, RAPD primers used in this study revealed notable polymorphism among the Gymnema species. Similarly, considerable polymorphism was found in closely related medicinal herbs Curcuma sp. in Yakushima with C. aeruginosa and C. zedoaria in Java by RAPD markers (Agusta et al., 2007) . The species specific bands obtained in the present study ranged from 354 to 1150 bp. The species specific markers obtained 354 bp in G. sylvestre, 671 bp in G. elegans and 923 bp in G. montanum by RP7 primer could be used for species identification in Gymnema species. Similarly unique bands were obtained in medicinal plant Sennaangustifolia species by using different RAPD primers that were clearly discriminate the species (Salim et al., 2011) . In addition, geographical specific bands ranged from 130 to 2340 bp were observed in medicinal plants in the previous studies (Smita and Keshavachandran, 2006) . Hence, the species specific markers developed in the present study could be used in the identification of these Gymnema species. The UPGMA dendrogram based on Nei's genetic distance revealed the relationship among the three species of Gymnema. The G. sylvestre and G. montanum formed a single cluster indicating that sharing of little RAPD banding pattern between these two species (Figure 2 ).
Species identification by trnK gene sequence
The feasibility of chloroplast trnK gene sequence as a DNA barcode of the Gymnema species was concretely tested. The partial trnK sequencing showed advantages of higher efficiency of PCR amplification and sequencing. However, the partial trnK sequencing is insufficient to discriminate the Gymnema species, as the identification efficiency was very low. Multiple sequence alignment showed that G. sylvestre had only few numbers of insertion sites in the trnK gene sequences. The sequences were highly conserved and no variation was found. In the BLAST analysis, all the three sequences showed maximum identity with Mandevilla genus. Hence, Mandevilla species was selected as an out group for phylogenetic tree construction and both Mandevilla and Gymnema belonged to the same order Gentianales. Similarly, in the previous studies (Efron et al., 1996) several species have similar sequences with no variable sites in the trnK gene sequences. For example, even though Elettarriopsis and Paramomum were categorized under unique taxonomic position by morphological characters of flowers, they shared similar features and highly conserved with 100% identity with no variant sites in the trnK sequences (Dhivya et al., 2008) . The present study showed that species identification of Gymnema herb was not possible using phylogenetic analyses constructed from partial trnK sequences. Gymnema and Mandevilla species (out group) formed two separate clades. The Gymnema species formed a single clade suggesting that these species evolved from a common ancestor. And Mandevilla species also showed a single clade. This clade pattern simply reflects the sequence similarity between the species. But in the previous study, this region had enough diversity to discriminate the Curcuma sp. (Agusta et al., 2007) . Noticeably, it was found that these trnK gene sequences were used as most useful barcode and provided a universal framework for land plants at and above the generic levels (Ren and Chen, 2010).
Several authors have used the following DNA region for generation of DNA barcode rbcL, 18s rRNA, psbAtrnH, and ITS2 intergenic spacer. Depending upon the plant species and evolutionary rate each region has different efficiency in species identification. Higher efficiency of species discrimination was found in trnK gene than the rbcL gene in Dendrobium species (Asahina and Shinozaki, 2010 2013) . In this regard, we attempted to generate a restriction pattern of Gymnema and Mandevilla with in-silico trnK sequence -RFLP analysis. There was no specific restriction pattern observed within the Gymnema or Mandevilla species but different restriction patterns were observed between the Gymnema and Mandevilla species. These restriction patterns will be reference from PCR-RFLP analysis for these species and no need to going for sequencing.
CONCLUSION
The correct identification of medicinal plants is vital for their conservation and sustainable use, as well as to prevent fake in the marketing of medicinal plants. RAPD and DNA sequence based identification system were used in several plant species (Um et al., 2001; Ren and Chen, 2010). The RAPD primers used in the present study developed species specific markers which could be used for identification of G. sylvestre, G. elegans and G. montanum unambiguously and trnK gene sequences for three species could not be used for identification of species. Present study concluded that the RAPD markers are a candidate for Gymnema species identification than the partial trnK gene sequences.
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